Purpose We investigated the risk factors for early postoperative complications after gastric cancer surgery. Materials and methods The data from a total of 273 patients with gastric cancer were analyzed by univariate and multivariate analysis. We applied physiological and operative severity score for the enumeration of morbidity and mortality (POSSUM) to compare risk-adjusted surgical outcomes among different surgical units. Results Among the preoperative variables, patient gender, chronic obstructive pulmonary disease, surgical unit, and intraoperative blood loss were independent risk factors for a higher rate of postoperative complications. There were significant differences in complication rates among different surgical units (P=0.001). The observed-to-expected morbidity ratio (O-to-E ratio) ranged from 0.81 to 1.63. Units with low surgical work volume had higher complication rates. Postoperative length of stay was significantly shorter (P=0.000) and the rate of moderate and severe complications was significantly lower (P=0.001) in specialized unit.
Introduction
The practice of gastric cancer surgery is highly heterogeneous among different units, and there are obvious variations in postoperative complication rates according to the extent of surgery, especially in the hands of inexperienced surgeons. The optimal extent of surgery for gastric cancer is highly controversial, and postoperative complications after gastrectomy are still a major challenge in surgical practice; therefore, further research to minimize the extent of surgery but still obtain an optimal result is needed. The rate of early postoperative complications is as important as the rate of survival and should be seriously considered in order to optimize the extent of surgery. Furthermore, the outcome of surgical intervention is not solely dependent on the abilities of the surgeon. The patient's physiological status, the disease that requires surgical correction, the nature of the operation, and the preoperative and postoperative support services have a major effect on the ultimate outcome [1] . Simply collecting outcome data alone is not sufficient to reflect treatment quality because to compare postoperative complication data directly, the original populations must be identical. Surgeons treating a predominantly young population would be expected to achieve lower complication rates than others serving areas with an elderly population [2] . The unit that selects only low-risk cases achieves a low complication rate and therefore attracts more patients, whereas the unit that cannot select only low-risk cases is left with a worsening case mix [1] . Monitoring crude death rates can mask the effects of case mix; surgeons who work in impoverished inner-city hospitals or tertiary referral centers may feel disadvantaged compared with their colleagues who elect to treat fit patients or work in an affluent area [3] .
Comparison of surgical outcome is made even more difficult by vague explanations of complications and lack of standard auditing methods. Physiological and operative severity score for the enumeration of morbidity and mortality (POSSUM) has been proposed as a method for standardizing patient data so that direct comparisons of patient outcomes can be made [2] . There are many scoring systems; but, to date, POSSUM is the most promising for auditing surgery, and it has been extensively used in various surgical specialties [3, 4] . It is a reliable instrument for comparing internal audits of the same unit during two different periods [5] . When used correctly, POSSUM can effectively compare outcomes between surgeons and between hospitals. The POSSUM system allows a numerical prediction of mortality and morbidity for an individual patient, and it enables comparative audits with a method for adjustment of case mix. Comparison can be made over time and can be easily adjusted to radical changes in health care in the future [1, 6, 7] . In addition, POSSUM has definitions for postoperative complications, which can be used as standard terms while comparing several surgical units.
Here, we investigated the risk factors for early postoperative complications after gastric cancer surgery and we applied POSSUM to compare risk-adjusted surgical outcomes among different units of a single hospital
Materials and methods

Characteristics of patients
A total of 273 patients who underwent operations for gastric cancer during 2006 were included in the study (Table 1 ). The median age of the patients was 59 years (range 22-89 years). The ratio of the incidence of gastric cancer in male and female patients was approximately 7:3. The data were collected directly by comprehensive review of the original records of all patients. Six patients with missing data required for the POSSUM calculations were excluded. However, there were no deaths or major complications in the excluded cases according to information provided by the hospital database.
Definition of different units
All the operations were performed in five general surgery departments. To obtain uniformity among the patients, operations performed in laparoscopic and thoracic surgery departments were excluded. Three units with fewer than 30 cases were merged together for statistical analysis. Finally, three units (A, B, and C) were formed for comparison of their surgical outcomes. Unit B comprises three general units. Unit C is a specialized unit for gastric cancer surgery.
Extent of surgery
The majority of operative surgeons were consultants; very few of them were vice-consultants. All the patients with early and resectable advanced gastric cancer (without Application of POSSUM system POSSUM data were collected on a standard sheet, and morbidity was calculated as described by the original authors [8] . A comprehensive explanatory sheet was prepared to minimize any confusion in defining POSSUM variables.
Definition of morbidity
The only study endpoint was analysis of inpatients' postoperative complications. Complications were recorded in accordance with the definitions reported by Copeland et al. [8] . However, there were a considerable number of complications that were not covered by their definitions. Therefore, any undefined complication requiring a postoperative stay of longer than 15 days was recorded as innominate in this study. Such complications were only recorded for the overall auditing of all postoperative complications and did not affect the POSSUM calculation.
Statistical analysis
The statistical analysis was performed with the Statistical Package for Social Science (SPSS) version 13.0 for Windows (SPSS, Inc, Chicago, IL, USA). Univariate analysis was performed using the chi square test or Fisher's test. Multivariate analysis was performed using the logistic regression model for analysis of risk factors for postoperative complications. A P value of less than 0.05 was considered statistically significant. The exponential analysis method was used for prediction of morbidity [9] . The significance of the predictive value was assessed by the logistic regression model χ
2
. The observedto-predicted operative morbidity ratio (O-to-E ratio) for POSSUM was calculated for each unit. An O-to-E ratio less than 1 implies a performance that was better than expected and a ratio greater than 1 indicates a performance that was worse than expected. Crude operative morbidity rates were statistically analyzed by means of 2×k tables-comparison of several proportions. Fisher's exact test was used to test the significance of differences in duration and severity of postoperative complications among different units.
Results
Univariate analysis revealed that the preoperative variables, unit B, gender, concomitant chronic obstructive pulmonary disease (COPD), and intraoperative blood loss, were significantly associated with a higher rate of postoperative complications. There were no significant associations with age, anemia, hypoalbuminemia, extent of malignancy, or other variables in POSSUM (Table 2) . Similarly, multivariate analysis identified that the preoperative variables, unit B, gender, COPD, and intraoperative blood loss, were independent risk factors for postoperative complications (Table 3) . We further tested for the uniformity of these variables among different units (wards), which revealed that there were no significant differences in gender (P=0.355), COPD (P= 0.499), or intraoperative blood loss (P=0.060) among patients in different units. Furthermore, there were no significant differences in physiological score (PS; P=0.34) and operative severity score (OSS; P=0.08) among patients among different units.
The overall O-to-E ratio was 1.01 and a chi square test showed a significant lack of fit (χ 2 =2.156, 4 df, P=0.707), i.e., observed values were not significantly different from predicted values. The overall surgical outcome ( Fig. 1) was acceptable because the observed value was close to the value predicted by POSSUM. Patients in all units were homologous as there was no significant difference in their PS (P= 0.34) and OSS (P= 0.08), but there was a significant difference in observed complication rates among the different units (P=0.001). At the same time, there was a significant variation in risk-adjusted morbidity rates (Table 4) .
Unit C, which is the specialized center for gastric cancer surgery, had the lowest morbidity rate with null mortality, while conducting the highest number of operations (57.5%). The overall surgical outcome was also superior to the other units. Unit B comprises three units having fewer than 30 operations in each; it had the highest morbidity rate, and even the rate of anastomotic leakage was as high as 9% (Table 5 ). Details concerning the complications in each ward are shown below in Table 5 . The number of complications is not equal to number of patients because multiple complications were possible in a single patient. Postoperative infection was the most frequent among the different types of complications.
After the calculation of complications using POSSUM, all complications were stratified according to severity (Fig. 1 ) and postoperative length of stay (Fig. 2) . The Rui Jin Hospital (RJH) system for classification of complications (Table 6 ) was applied for the classification according to severity. Except the "innominate" complication, all the complications in this classification was strictly defined according to the definition of morbidity in POSSUM system. Patients with multiple complications were grouped into the highest level of their respective complications, e.g., a patient with minor, moderate, and severe complications was categorized into the severe complication group. The duration of postoperative stay (Table 7) was significantly shorter (P= 0.000) and the rate of moderate and severe complications was significantly lower (P=0.001) in the specialized unit (Table 8) .
Discussion
Postoperative complications
The rate of early postoperative complications is relatively high after gastric cancer surgery [10] [11] [12] . However, in the present study, POSSUM predicted morbidity satisfactorily, which means the surgical outcome was acceptable and was comparable to that in other specialized centers around the world [10, 11, [13] [14] [15] . In addition, most of the complications were minor or moderate; and, in general, most of these complications (such as pyrexia of unknown origin) were considered to have little clinical importance.
Definition of complications in POSSUM
There are a number of complications (e.g., pancreatic or biliary leakage, chylus leakage, ileus, enteroplegia, and pulmonary complications) that are not defined in POSSUM [8] . Although some of these complications seem to be minor, they can markedly extend the postoperative length of stay and treatment cost and should not be ignored. Therefore, POSSUM may need some modifications to be appropriate for major surgical interventions. Furthermore, for a more feasible and objective comparison, further stratification of complications according to severity was needed; we applied the RJH classification for this purpose.
Interpretation of prediction
Any system for prediction is only for reference but should be considered seriously before making any crucial decisions in surgical care. The results of a comparative audit with POSSUM cannot be used to attribute blame. Patient care is the responsibility of individual surgeons, but outcomes often depend on a large multidisciplinary team comprising surgeons, anesthetists, intensive care staff, junior doctors, and nurses. Where an audit shows a change in morbidity rates and a significant increase in the O-to-E ratio, the practice of the entire team should be reviewed [3] . Overreaction should be avoided, and the causes of deficiencies in quality should P=0.000 be carefully examined. Variations in outcome will occur over time; but if deteriorating O-to-E ratios can be identified early, remedial action can be taken [1] .
Comparison of surgical outcomes
To ensure the safe practice of gastric cancer surgery, there must be a standard auditing system for evaluating surgical outcomes. If POSSUM is capable of risk-adjusting the case mix, perhaps the worst outcome of a unit should be attributed to the level of surgical experience, as the population characteristics, hospital resources, anesthesia, and postoperative nursing are almost the same in a given hospital. It can be argued, however, that the POSSUM system is unable to provide risk adjustment for the case mix; in that case, comparing surgical outcomes in different units on the basis of POSSUM may be biased. The differences in predicted morbidity rates among units may be attributed to differences in population characteristics that are not adequately addressed by the 18 POSSUM variables. These include surgical disease state, comorbidities, and genetic and socioeconomic factors [16] . The differences may also be related to inadequate scoring of the magnitude of the operation; for example, all radical gastrectomies are awarded the highest score of 8, but there may be differences in surgical extent for radical gastrectomy among different units. The extent of surgery for gastric cancer is highly heterogenous among different centers, and certainly there are differences in morbidity rates associated with different extents of surgery, even though they are all commonly denoted as radical resection [11-15, 17, 18] . Moreover, it is difficult to compare the outcome by a scoring system if there is no comparable national database available for surgical outcomes. However, the findings of this study, at the very least, demand further investigation of the potential causes of differences in surgical outcomes among different units.
Risk factors for postoperative complications
Univariate and multivariate analysis identified gender, preoperative COPD, intraoperative blood loss, and the particular unit (ward) as risk factors for early postoperative complications. However, a larger cohort of patients is necessary to support these conclusions, and if there is disparity in the complication rates between genders then further study will be focused in this direction. Given that preoperative pulmonary disease may be responsible for higher rates of postoperative pulmonary infection, further preventative treatment strategies should be considered seriously. The role of intraoperative blood loss as a risk factor for postoperative complications has been previously reported by other authors and may be related to blood transfusion, which is said to be associated with immunologic disorders [19] [20] [21] . Other factors such as age, anemia, hypoalbuminemia, and hyperglycemia, which are generally considered to be associated with higher complication rates, did not appear to be risk factors in this study. Further prospective studies are needed to support these data.
Conclusion
The preoperative variables of surgical unit, gender, concomitant COPD, and intraoperative blood loss were independent risk factors for early postoperative complications in gastric cancer surgery. However, a prospective study involving a larger cohort is necessary to confirm this result. In our experience, the rate of postoperative complications in gastric cancer surgery is relatively higher in the hands of inexperienced surgeons. We conclude that surgical experience and work volume greatly influence the outcome, which is inversely proportional to the rate of complications. Our data support the conclusion that surgery for patients with gastric cancer should be performed at specialized centers. Internal comparative audits of morbidity using a valid system for risk-adjusted evaluation of surgical outcomes such as POSSUM may help to improve overall surgical outcomes. More prospective studies are necessary to investigate the disparity in complication rate among different units.
3. Wound infection: wound cellulitis or the discharge of purulent exudates. 4. Urinary infection: the presence of >10 5 bacteria per milliliter with the presence of white cells in the urine, in previously clear urine. 5. Deep infection: the presence of an intra-abdominal collection confirmed clinically or radiologically. 6. Septicemia: positive blood culture. 7. Pyrexia of unknown origin: any temperature above 37°C for more than 24 h occurring after the original pyrexia following surgery (if present) had settled, for which no obvious cause could be found. 8. Wound dehiscence: superficial or deep wound breakdown. 9. Deep venous thrombosis and pulmonary embolus:
when suspected, confirmed radiologically by venography or ventilation-perfusion scanning or diagnosed at postmortem. 10. Cardiac failure: symptoms or signs of left ventricular or congestive cardiac failure which required an alteration from preoperative therapeutic measures. 11. Impaired renal function: arbitrarily defined as an increase in blood urea of >5 mmol/l from preoperative levels. 12. Hypotension: a fall in systolic blood pressure below 90 mmHg for more than 2 h as determined by sphygmomanometer or arterial pressure transducer measurement. 13. Respiratory failure: respiratory difficulty requiring emergency ventilation. 14. Anastomotic leak: discharge of bowel content via the drain, wound, or abnormal orifice.
